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Background and purpose — Previous work has shown that 
despite preventive measures, intraoperative contamination 
of joint replacements is still common, although most of these 
patients seem to do well in follow-up of up to 5 years. We ana-
lyzed the prevalence and bacteriology of intraoperative con-
tamination of primary joint replacement and assessed whether 
its presence is related to periprosthetic joint infection (PJI) on 
long-term follow-up.
Patients and methods — 49 primary total hip replacements 
(THRs) and 41 total knee replacements (TKRs) performed 
between 1990 and 1991 were included in the study. 4 bacterial 
swabs were collected intraoperatively during each procedure. 
Patients were followed up for joint-related complications until 
March 2011. 
Results — 19 of 49 THRs and 22 of 41 TKRs had at least 1 posi-
tive culture. Coagulase-negative staphylococci and Staphylococcus 
aureus were the most common organisms, contaminating 28 and 
9 operations respectively. Where information was available, bac-
teria from 27 of 29 contaminated operations were susceptible to 
the prophylactic antibiotic administered. 13% of samples gath-
ered before 130 min of surgery were contaminated, as compared 
to 35% collected after that time. 2 infections were diagnosed, both 
in TKRs. 1 of them may have been related to intraoperative con-
tamination.
Interpretation — Intraoperative contamination was common 
but few infections occurred, possibly due to the effect of pro-
phylactic antibiotics. The rate of contamination was higher with 
longer duration of surgery. It appears that positive results from 






superficial  surgical  site  infections  (SSIs)  are more  common 
and occur  in  around 3% of  cases  (Jämsen et  al.  2010, Dale 












after  surgery  (Phillips et al. 2006). To our knowledge,  there 
have  been  no  studies  on  intraoperative  contamination  with 
over 5 years of follow-up.
We  studied  the  prevalence  and  bacteriology  of  intraop-





We collected  intraoperative bacterial  samples  from 92 con-
secutive  primary  total  hip  replacements  (THRs)  and  knee 
replacements (TKRs) that were carried out for osteoarthritis 
between October  1990  and September  1991. The  sampling 
was part of a quality-control project evaluating antiseptic rou-
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tines and ventilation of the operating rooms. Follow-up was 
until March 1, 2011 unless death or revision had occurred. We 
did not  include patients with  less  than 1 year of  follow-up, 
which led to the exclusion of 1 THR patient who was revised 
due  to  instability  and 1 TKR patient who was operated  for 





rence  of  superficial  surgical  site  infection,  PJI,  or  revision. 








Perioperative treatment and surgical technique
6  orthopedic  surgeons  at  Reykjavik  City  Hospital,  Iceland, 
performed  the  operations.  The  skin  was  prepared  with  2 



































and  after  cementing  and  from  the  capsule  after  its  closure. 
These  samples were defined  as  coming  from  the wound.  In 






(BD  diagnostics,  Sparks, MD)  and  delivered  to  the  labora-
tory. The material was incubated for 5 days at 36°C on blood 
agar  (aerobically and anaerobically), on chocolate  agar,  and 
in thioglycollate broth. Isolated organisms were identified by 
standard  laboratory methods. Contamination was defined  as 
any bacterial  growth. Contaminated patients  did not  receive 
prolonged antibiotic treatment. 
Statistics
To  determine  statistically  significant  differences  in  continu-

























Duration of surgery at sample collection
The duration of  surgery at  sample acquisition was available 
for 321 (93%) of the 346 samples that we had gathered. 13% 




Susceptibility of contaminating bacteria to prophy-
lactic antibiotics
Information on antibiotic  susceptibility was available  for 29 












and 11  (1–20)  years.  1  superficial  surgical  site  infection was 
observed  in  the TKR group. The  knee  gave way  a  few  days 
after  surgery,  and  the wound  opened  and  a  superficial  infec-
tion developed. The wound was revised and resutured, and the 
Table 1. Contaminating organisms and number of contaminated 
sites
   THR TKR
Organism 1 site 2 sites 1 site 2 sites 3 sites
Coagulase-negative 
   staphylococcus (CNS) 10 a 3 11 4
Staphylococcus aureus   3     4 b  1 1
Staphylococcus species     1
Corynebacterium species   1  
Viridans group streptococcus   1
Bacillus species   1
          
a
 1 of these patients was positive for both CNS and Bacillus species 
from the same sample from the splash basin.
b
 1 of these patients had growth of both Staphylococcus aureus and 
Enterococcus from the same sample from the intercondylar notch.
Table 2. Sites of contamination and duration of surgery at sample collection
  THR   TKR
 No. of Median minutes of No. of No. of  Median minutes of No. of
 samples surgery at sample positive samples surgery at sample positive
Site taken  acquisition (range) samples taken acquisition (range) samples
Before cementing 45 40 (20–133) 2 39 50 (30–123) 8
After cementing 47 68 (40–173) 4 41 75 (45–140) 3
Splash basin 46 87 (55–193) 9 41 80 (50–118) 12
Fascia 46 86 (55–204) 7 41 85 (63–153) 7
Table 3. Demographic and perioperative variables
   Uncontaminated  Contaminated 
   THRs and TKRs, THRs and TKRs,
Variable THR, n = 49 TKR, n = 41 n = 49 n = 41 p-value
Sex, F/M 28/21 22/19 29/20 21/20 0.6 b 
Median age (range) 69 (46–89) 69 (49–84) 69 (46–89) 69 (49–86) 0.9 c
No. with ASA grade 
 1   3   2   4   1 0.4 d
 2 42 30 40 32
 3   3   9   5   7 
 4   1   0   0   1 
Median BMI (range) a 26 (19–41) 28 (18–40) 27 (18–41) 27 (22–39) 1 c
Perioperative antibiotics, n 
 Cloxacillin 40 32 38 34 0.02 d
 Clindamycin   6   4   9   1
 Cefazolin   3   5   2   6
Median duration of surgery
   (range), min 97 (58–218) 100 (68–165) 94 (58–181) 102 (65–218) 0.1 c
a
 THRs: 16 missing values; TKRs: 7 missing values.          
b Chi-square test.                  
c
 Wilcoxon rank-sum test.                 
d
 Fisher’s exact test.                
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patient  was  treated  with  antibiotics.  Cultures  showed  CNS, 
which  was  also  cultured  from  the  intercondylar  area  before 
cementing. The patient  continued  to  have pain,  and  the knee 
was revised after 2.3 years but was not found to be infected. 1 
deep TKR infection arose late following arthrocentesis for trau-
matic  hemarthrosis. This  knee, which was  in  the  uncontami-
nated group, was revised 8 years after the primary operation.
There were 7 revisions in the THR group and 10 in the TKR 


































authors  speculated  that  the discrepancy might be partly due 
to differences in sampling methods—but our findings do not 








vations—and  in  light of  a  systematic  review by AlBuhairan 
et al. (2008), which showed that there is no evidence that any 
type of antibiotic prophylaxis has better results than any other.
Maathuis et  al.  (2005)  reasoned  that  contamination of  the 






also  be  important  as  a  potential  source  of  bacteria  causing 
superficial surgical site infection, which is a known risk factor 
for PJI (Berbari et al. 1998). In our study, the fascia was con-








Figure 1. Outcome in the THR group.













































































superficial  infection  could  have  been  caused  by  inoculation 
through the wound, which ruptured shortly after the primary 
operation. However,  intraoperative  contamination  cannot  be 
excluded, as CNS were cultured from the primary operation 
and at revision of  the  infected wound. Unfortunately, we do 











Secondly,  it  is  plausible  that  prophylactic  antibiotics  con-
tribute, as they have been shown to reduce the relative risk of 
infection  by  81%  compared with  no  prophylaxis  (AlBuhai-
ran et al. 2008) and most of the contaminating bacteria in our 
study were  susceptible  to  the  antibiotic  that had been given 
prophylactically.
Finally,  the  size  of  the  inoculum  is  of  importance.  In  a 




certain points of  time.  It  is uncertain whether  this  is a valid 




between  contaminated  and  uncontaminated  operations.  On 
the other hand,  the overall survival of  the Kinematic condy-
lar  knee,  69%  at  15  years,  was  poorer  than  the  previously 
reported  range of  82–93% at  around 15 years  (van Loon  et 
al.  2000, Gill  and  Joshi 2001). Breakage of  the medial part 
of  the metal  tibia  tray occurred  in 3 of 41 TKRs. The high-
est previously reported occurrence of this failure mechanism 
of the Kinematic condylar knee prosthesis is 2% (Abernethy 
et al. 1996). Breakage of  the  tibia component was  therefore 














biotics  preoperatively.  It  is  probably most  effective  if  given 
within 30 minutes of placing the incision (van Kasteren et al. 
2007). We  incubated cultures  for 5 days, which  is  the  same 
period  of  time most  commonly  reported  for  diagnosing  PJI 
(Butler-Wu et al. 2011). However, Schäfer et al. (2008) found 
that 26% of cases defined as PJI on the basis of culture results 
after  14  days  had  been  negative  after  7  days  of  incubation. 
Furthermore, a recent study by Aggerwal et al. (2013) found 




We are confident  that we managed  to find  the majority of 
patients  who  were  revised,  despite  the  retrospective  nature 










Table 4. Previous studies on intraoperative contamination and PJI 
that reported the number of operations with contamination and that 
had follow-up
 Patients Contami- Duration of  Deep
  nated follow-up, infections
Authors and year n n      % years n
Davis et al. 1999 100 63 63 2 1
Knobben et al. 2006 100 36 36 2 6
Byrne et al. 2007 80 18 22.5 4.1 0
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in  identifying patients at  risk of PJI. Nevertheless, contami-
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